Introduction
Type 1 diabetes mellitus (T1DM) is a metabolic disease characterized by recurrent or persistent hyperglycemia, resulting from the progressive impairment of insulin secretion, 1 with an increasing prevalence among younger individuals worldwide. 2, 3 The major sequelae of T1DM include dysfunction of several organs, such as that of the kidneys, eyes, and heart. 1 In addition, T1DM patients are eventually affected by growth and developmental disorders. 4 Thus, chronological age may not be an appropriate indicator of maturity in T1DM patients, 5, 6 making it necessary to investigate biological variables, such as the skeletal and dental development. 6, 7, 8 Comparative studies of skeletal age to chronological age have reported both over-and underestimation of the age of T1DM patients. 9, 10, 11, 12 To the best of our knowledge, there have been no studies comparing the dental age of T1DM patients. However, the usefulness of implementing information related to dental age in surveys on skeletal age has shown that dental age is strongly Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript. related to genetic variables, 13 whereas skeletal age is more sensitive to environmental influence.
14 Thus, the use of both skeletal and dental ages can optimize investigations that include the biological age 15 of T1DM patients. In this context, the present study was undertaken to separately investigate the usefulness of skeletal and dental ages of T1DM patients in comparison with chronological age to facilitate clinical planning of orthodontic and orthopedic interventions and dentomaxillofacial surgeries.
Methodology
The present study was approved by the Committee of Ethics in Research at the Universidade Federal do Paraná -UFPR, Brazil, under the protocol no #0028.0.208.000-11. The study cohort consisted of 82 panoramic and hand-wrist radiographs of 30 male and 52 female Brazilian patients, aged between 5 and 15 years. This cohort was divided into gender-and age-matched case and control groups. The case group consisted of 41 hand-wrist and panoramic radiographs of T1DM patients who underwent treatment at the Pediatric Endocrinology Department of the Hospital de Clínicas, Curitiba. The control group consisted of 41 panoramic and hand-wrist radiographs of patients without T1DM who received dental services at the Dentistry School of the Pontifícia Universidade Católica do Rio Grande do Sul. Only high quality radiographs were included in this study. In addition, patients presenting with missing teeth and other systemic diseases or diagnosed and treated for T1DM less than 2 years before the start of this study were excluded.
All the radiographs were obtained using the Ortophos ® CD radiologic device (Siemens AG, Munich, Germany). The radiographs were automatically processed and digitalized to 150 dpi in standard form utilizing a HP Scanjet ® G4050 scanner (HewlettPackard, Palo Alto, USA). To prevent bias, identification radiograph data was masked and the images were saved in the Tagged Image File Format. Three longterm experienced dentomaxillofacial radiologists interpreted the images. Skeletal age was assessed using the method of Greulich and Pyle, 16 whereas dental age was assessed using to the method of Nolla.
17
Twenty panoramic and hand-wrist radiographs were used for calibration by the three examiners.
The images were analyzed three times within a 15-day interval between each interpretation. Intraand inter-examiner agreement was calculated using Kappa statistics. After calibration, the examiners evaluated each image three times with a 3-day interval between each interpretation. The average of each individual interpretation was considered to represent the estimations of skeletal and dental age.
For statistical analysis, the collected data were transformed into categorical variables. The estimated skeletal and dental ages were compared to the chronological age of each patient and further divided into three categories: (1) delayed development (biological age < chronological age); (2) perfect match (biological age = chronological age); and (3) advanced development (biological age > chronological age). All statistical analyses were performed using the Software Package for the Social Sciences (SPSS ® ) version 15.0 (SPSS Inc., Chicago, USA), and the data were evaluated using the chi-square test. A p value of ≤ 0.05 was considered statistically significant.
Results
Intra-and inter-examiner agreement of greater than 0.81 by Kappa statistics indicated a sufficient coefficient of calibration. There were no statistically significant differences between skeletal (p = 0.71) and dental (p = 0.10) ages between the case and control groups (Table 1 ). However, female T1DM patients showed significantly (p = 0.005) advanced skeletal development compared to male T1DM patients ( Table 2) . 
Discussion
The results of the present study revealed no differences between skeletal and dental development between T1DM and control patients. The same was observed in a study reported by Birkbeck 18 in 1972, which described the influence of medical treatment on developmental delay of T1DM patients. Similarly, Thon et al. 11 detected no statistical differences between skeletal age of healthy children and that of T1DM patients. On the other hand, Holl et al. 10 observed no significant difference between skeletal age and biological age at the onset of T1DM. However, during the progression of T1DM, a trend of delayed skeletal development was detected. Therefore, the precise timing for T1DM treatment is particularly relevant in children in the prepubertal and pubertal periods, when human development is noticeably accelerated. Similarly, Dost et al. 9 reported delayed skeletal development with respect to the biological and chronological ages in a large sample of children and adolescents with T1DM. Despite these results, the absence of a control group hampered optimal analysis of the biological development of T1DM patients. Nevertheless, in the present study, the implementation of a control group, which was individually matched by gender and age to the case group, was essential for the scientific and systematic research design to support our results.
Moreover, the significantly advanced skeletal age of females with T1DM, as compared with that of males, was a secondary outcome of this study. Similar results were observed by Ahmed et al.; 12 a decrease in the levels of sex steroid binding proteins in female patients was observed. Consequently, the level of free steroids was greater in females, thereby promoting interactions with target organs and skeletal development. In addition, weight gain in T1DM is more noticeable in females, corroborating this previous theory. 19, 20 According to Dost et al. 9 and Songer et al., 21 weight gain is also a common result in the prepubertal period, which culminates in bone maturation and consequent advanced skeletal age.
Moreover, the present study is the first scientific investigation of dental age in T1DM patients. However, no statistically significant differences were detected between the case and control groups. Dental age is an important variable for investigations utilizing biological age of T1DM patients because it is more sensitive to systemic disorders than skeletal age, 13 which is highly influenced by environmental factors. 6, 22, 23 Vallejo-Bolaños and España-López 24 examined the skeletal and dental ages of 54 children with growth disorders and reported that skeletal age was delayed by 23 months and dental age by 12 months as compared with the chronological age. In addition, similar outcomes were verified in a 1980 study by Ozerovic, 25 where the same developmental variables in 109 patients with cerebral palsy were evaluated. Despite these results, longitudinal follow-ups are encouraged for a deeper and more accurate investigation of the influence of systemic disorders in the course of dental development.
In a parallel context, dental age estimations are often performed for forensic reasons, such as the determination of age of legal majority and capacity and the identification of unaccompanied minors, illegal immigrants, and unknown bodies. 14 However, techniques for the estimation of dental age are calibrated against distinct populations of healthy individuals but rarely validated in specific populations, such as T1DM patients. 14 The present study validated the technique of Nolla 17 both in healthy and specific patient groups, which resulted in a statistically significant similarity, indicating that the referred technique is applicable and reliable even for unique forensic cases involving T1DM patients and investigations for legal reasons.
Conclusion
Based on these outcomes, the present study indicated that T1DM does not seem to impact dental and hand-wrist bone development of children and adolescents. Therefore, clinical interventions, which particularly involve orthodontics and dentomaxillofacial orthopedics, may be equally applied to both healthy individuals and T1DM patients. However, we acknowledge the valuable role of longitudinal case-control surveys and longterm follow-ups to support our results. In addition, we encourage future investigations of the interface between bone development and prevalence of T1DM in children to test the potential bias of mineral density in age estimation studies.
